Converging evidence across species highlights the contribution of environmental stress to anhedonia (loss of pleasure and/or motivation). However, despite a clear link between stress and the emergence of anhedonic-like behavior in both human and animal models, the underlying biological pathways remain elusive. Here, we synthesize recent findings across multiple levels, from molecular signaling pathways through whole-brain networks, to discuss mechanisms through which stress may influence anhedonia. Recent work suggests the involvement of diverse systems that converge on the mesolimbic reward pathway, including medial-prefrontal cortical circuitry, neuroendocrine stress responses, homeostatic energy regulation systems, and inflammation. We conclude by emphasizing the need to disentangle the influences of key dimensions of stress on specific aspects of reward processing, taking into account individual differences that could moderate this relationship.
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Stress, Anhedonia, and Psychiatric Illness
Our responses to environmental stressors help guide decision-making in an evolutionary balancing act that pits the pursuit of rewards, crucial for survival and reproduction (e.g., food and mating opportunities), against potential threats (e.g., predators and pathogens) [1, 2] . Stressors can tip this balance by decreasing reward-seeking behavior [3] . Seen through an evolutionary lens, decreased approach behavior in response to environmental threats may be highly adaptive in some contexts. For example, following physical harm or the threat of infectious disease, anhedonia (see Glossary) and social withdrawal may preserve resources for healing wounds and inhibit the spread of pathogens [4, 5] . However, the adaptive value of a given trait or behavior is sensitive to both environmental context and the complexity of interactions across cognition, behavior, and genetics [2, 6] . For some individuals with existing vulnerabilities, such as ruminative coping styles following a traumatic event [7] , stress responses culminating in anhedonia can be maladaptive and even trigger the onset of psychiatric illness.
In this Review we highlight some of the diverse circuit-level and molecular mechanisms through which stress could lead to anhedonia. In doing so, we adopt a multisystem, multilevel approach, in which we examine how the effects of stress may echo across levels of analysis (e.g., molecular processes and functional circuits) and involve interactions between diverse systems (e.g., immune responses that alter brain reward functioning). We first discuss likely contributors to stress-induced anhedonia at the level of neurocircuitry, including systems that govern motivated behavior, neuroendocrine responses to stress, and energy homeostasis. Next, we review possible pathways to stress-induced anhedonia at the molecular level, with a particular focus on immune system signaling pathways. We conclude with a roadmap of promising future directions in the study of stress and anhedonia.
Highlights
Converging evidence across species suggests that environmental stressors contribute to the development of anhedonia (i.e., decreased motivation/ responsiveness to reward), in part through alterations in the mesolimbic dopamine system.
At the circuit level, stress may disrupt mesolimbic reward functioning through a number of possible mechanisms: alternations in the input from medial prefrontal cortex; the actions of CRF secreted by neuroendocrine stress systems; or signals from homeostatic energy systems, including GLP-1 neurons.
At the molecular signaling level, inflammation in response to stress could disrupt mesolimbic reward functioning by interfering with dopamine synthesis, or via kynurenine-induced oxidative stress.
A thorough conceptualization of the relationship between stress and anhedonia should depict how different types of stress cause changes in molecular signaling and neural circuits, leading to specific alterations in motivation and reward processing.
